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 31 

1. Introduction (background) 32 

Stem cells hold the promise for a limitless source of cells for therapeutic applications in various 33 
conditions, including metabolic, degenerative and inflammatory diseases, cancer and for repair and 34 
regeneration of damaged or lost tissue.  35 
Various stem cell types can be isolated from different tissues of the human body, expanded and/or 36 
differentiated in in vitro culture conditions, and subsequently administered to patients.  37 
Existing guidance on cell-based medicinal products (Guideline on human cell-based medicinal products 38 
(EMEA/CHMP/410869/2006)) covers the general aspects of all cell-based products including stem cell 39 
advanced therapy medicinal products.  In addition, in case of genetic modification of stem cells, the 40 
future guideline for genetically modified cells should be consulted (see Draft guideline on the quality, 41 
preclinical and clinical aspects of medicinal products containing genetically modified cells 42 
(EMEA/CHMP/GTWP/671639/2010)).  43 
 44 
The aim of this reflection paper is to cover specific aspects related to stem cells based medicinal 45 
products as defined below.   46 
This reflection paper shall apply to all types of stem cells regardless of their differentiation status at 47 
the time of administration. Stem cells that are not substantially manipulated and intended to be used 48 
for the same essential function in the recipient as in the donor as referred to in Article. 2 (1 (c)) of 49 
Regulation EC (No) 1394/2007 are out of the scope of this reflection paper. For a list of manipulations 50 
that are not considered substantially manipulated see Annex I of Regulation EC (No) 1394/2007. 51 
 52 
Although the stem cells share the same principal characteristics of self-renewing potential and 53 
differentiation, stem-cell-based medicinal products do not constitute a homogeneous class. Instead, 54 
they represent a spectrum of different cell-based products for which there is a variable degree of 55 
scientific knowledge and clinical experience available. For example, while HSCs have been used for 56 
therapeutic purposes, this is not the case for human embryonic stem cells or induced pluripotent cells.  57 
 58 
In addition, varying levels of risks are associated with specific types of stem cells. A risk-based 59 
approach according to Annex I, part IV of Dir 2001/83/EC is recommended for stem cell containing 60 
products.  61 
 62 
This reflection paper is relevant to all medicinal products using stem cells as starting material. The 63 
final products may constitute of terminally differentiated cells derived from stem-cells, from 64 
pluripotent stem cells or even from a mixture of cells with varying differentiation profile.   65 
 66 

1.1. Definition and identification of stem cells 67 
Stem cells can be defined as cells with self-renewing capacity i.e. the capability of generating daughter 68 
cells and having multi-lineage differentiation capacity. Stem cells are capable to proliferate as stem 69 
cells in an undifferentiated form. For the purpose of this document, stem cells include: 70 

• Embryonic stem cells (hESCs) derived from blastocysts;   71 

• Adult or somatic stem cells including 72 

o Haematopoietic progenitor /stem cells (HSCs);  73 

o Mesenchymal/stromal stem cells (MSCs);  74 

o Tissue-specific progenitor cells with a more restricted differentiation capacity 75 
responsible for normal tissue renewal and turnover, such as neurons, intestine, skin, 76 
lung and muscle. 77 

In addition, induced pluripotent stem cells (iPSs), and/or their intermediate stages, that are 78 
reprogrammed differentiated cells expected to re-acquire both the stemness and differentiation 79 
capacity of self-renewing embryonic stem cells, are also included. 80 
 81 
 82 
1.2. Characteristics of different stem cell types   83 

Embryonic stem cells can be maintained in in vitro culture conditions as established cell lines. hESCs 84 
are pluripotent and have the capacity to differentiate to virtually every cell type found in the human 85 
body. hESCs can be characterised by distinct set of cell surface markers, as well as marker genes for 86 
pluripotency. hESCs, when transplanted into a permissive host form teratoma, benign tumours 87 
consisting of various cell types derived from all three germ layers; endoderm, mesoderm and 88 
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ectoderm. hESCs can be differentiated in vitro using either external factors in the culture medium, or 89 
by genetic modification. However, in vitro differentiation often generates cell populations with varying 90 
degree of heterogeneity.  91 
 92 
Mesenchymal/stromal stem cells (MSCs) are primarily derived from bone marrow stroma or 93 
adipose tissue. Additionally, MSCs have been isolated from numerous other tissues, such as retina, 94 
liver, gastric epithelium, tendons, synovial membrane, placenta, umbilical cord and blood. They have a 95 
multi-lineage differentiation capacity and can be directed towards for example chondrogenic, 96 
osteogenic and adipogenic cell lineages. MSCs can also be differentiated towards e.g. neurons, 97 
astrocytes, tenocytes, and skeletal myocytes.  98 
 99 
Haematopoietic stem cells (HSCs) are able to give rise to differentiated cells of all haematopoietic 100 
lineages, myeloid and lymphoid, either in the hemopoietic bone marrow or in the thymus. In the adult 101 
body, HSCs are localized in the bone marrow and found at a lower frequency circulating in the 102 
peripheral blood. At low frequency they may be found also in other tissues (liver, spleen and muscle) 103 
but their origin and relevance for the normal haematopoiesis have not yet been fully clarified at the 104 
moment. HSCs are mobilized to the blood compartment after treatments with intensive chemotherapy 105 
and/or growth factors. These stem cells are also found in the placental and cord blood at birth in 106 
concentrations similar to adult bone marrow one's.  107 
 108 
Tissue specific stem cells have a more limited differentiation capacity and normally produce a single 109 
cell type or a few cell types that are specific to that tissue.  110 
 111 
Induced pluripotent stem cells (iPSs) are artificially generated stem cells. They are reprogrammed 112 
from somatic adult cells such as skin fibroblasts. iPS cells share many features of hESCs; they have 113 
self-renewing capacity, are pluripotent and form teratoma. Increasingly iPS cells are being produced 114 
from different adult cell types. Their differentiation capacity seems to be dependent on the cell type 115 
and age of the cells from which the iPS cells were reprogrammed.  There is a knowledge gap to be 116 
addressed with respect to alterations of some regulatory pathways, differences in gene expression and 117 
in epigenetic control. These characteristics may result in tissues chimerism or malfunctioning of the 118 
cells. 119 
 120 
 121 

2. Quality Considerations  122 

 123 
2.1. General 124 

Stem cell preparations normally constitute a complex mixture of cell types or of cells with varying 125 
differentiation capacity and multiple differentiation stages. Their differentiation capacity in vivo and 126 
mode of action may strongly depend on the conditions and time of in vitro culture, such as the use of 127 
growth factors or serum, separation methods, cell confluency etc. Due to their plasticity and large 128 
differentiation potential it is essential that the preclinical and clinical studies are being performed with 129 
well defined and characterized stem cell preparations that are produced via a robust manufacturing 130 
process and quality control to ensure consistent and reproducible quality of the final product. 131 
Embryonic stem cells and iPS cells should be lineage-committed before administration to the patient 132 
due to their associated tumourigenicity risks.  133 
 134 
 135 

2.2. Starting materials 136 
For hESCs, the history of the cell line derivation and cell banking, including the raw material used 137 
during production, need to be carefully documented. Viral safety of the cells should be addressed; this 138 
is particularly important in cases where results from donor testing are not available.  139 
 140 
The origin and sampling procedure of the starting material to isolate the stem cells is critical for the 141 
yield and homogeneity of the final cell population. Therefore the selection of appropriate markers to 142 
standardise isolation conditions, heterogeneity of the cell population and yield need to be addressed.  143 
 144 
 145 

2.3. Manufacturing process 146 
Manufacturing often involves the following steps depending on the starting material: 147 

• Procurement of tissue or cells and processing to yield a a well predefined/characterised cell 148 
suspension; 149 
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• Reprogramming of terminally differentiated cells (iPS cells); 150 
• Expansion under conditions supporting growth of undifferentiated cells; 151 
• In vitro differentiation of the cells; 152 
• Purification of the intended biologically active cell population (e.g. removal of undifferentiated 153 

pluripotent cells, immunoselection). 154 
 155 

Expanded stem cells are always substantially manipulated and are often administered in a 156 
differentiated state.  157 
However it is acknowledged that multipotent stem cells may be administered into the patients after 158 
expansion. In such cases the potential for tumourigenicity might demand additional testing during 159 
process validation.  160 
The choice of relevant markers to control the critical manufacturing steps is dependent on the 161 
intended purpose of the application. A risk assessment should be part of designing the therapeutic 162 
strategy. For instance, tumourigenic risk of ectopic grafting is much higher for pluripotent cells than 163 
for lineage-committed cells. 164 
 165 
 166 

2.4. Characterisation and quality control 167 
 168 

2.4.1. Identity 169 
Identity of stem cells is defined by their self renewal capacity (proliferation) and the expression of 170 
specific markers. Starting materials are often mixed cell populations (i.e. bone marrow, fat tissue, 171 
umbilical cord blood) and procurement and production can have a considerable impact on the final cell 172 
population. Therefore, the identity of the intended cell population(s) needed for the therapeutic effect 173 
needs to be carefully defined and characterised. 174 
Several cellular markers indicative of either cell type, pluripotency, lineage commitment or terminal 175 
differentiation can be used to establish identity. The cell identity markers should be specific for the 176 
intended cell population(s) and should be based on an understanding of the biological or molecular 177 
mechanism of the therapy. Ideally the combination of markers to be used should be able to distinguish 178 
between the different differentiation states or cell types. The use of mRNA level based markers as 179 
surrogate test is possible, provided that a validated correlation with protein marker expression has 180 
been established. 181 
 182 

2.4.2. Purity 183 
The identification of the mode of action of a stem-cell based product needs to be accompanied by the 184 
attempt to maximise this active moiety in the medicinal product and a reduction and avoidance of cells 185 
that do not contribute or negatively impact on the therapeutic activity and safety. 186 
Whenever possible, these attempts should aim at the elimination of undesired cells. It is recognized, 187 
that stem cells might not be accessible to cell separation for lack of appropriate surface markers. The 188 
minimum requirement however, is the demonstration of consistency of the medicinal product and a 189 
comprehensive strategy is required to achieve this goal, including the choice and preparation of 190 
starting material, in process control and release testing. 191 
 192 

2.4.3. Potency  193 
The potency of a stem cell-based product should be measured with analytical methods that are 194 
capable to define biological activity, number and differentiation status of the cells needed for the 195 
intended use.  196 
The design of a potency assay can vary depending on the product and it may comprise both functional 197 
tests and marker-based assays. Ideally, the assay should be (semi)quantitative and show correlation 198 
with the intended therapeutic effect. Understanding the biological or cellular mechanism  of 199 
action/therapeutic action will provide a solid basis for developing reliable potency tests. 200 
Examples of positive selection criteria: 201 

• Expression of lineage commitment markers 202 
• Expression of pre-differentiation markers 203 
• Expression of terminal differentiation markers 204 
• Expression of relevant biological substances (e.g. recombinant protein, glyco- or lipo-protein, 205 

growth factors, cytokines etc.) 206 
• Formation of cell/ extra cellular matrix/ structures 207 
• Altered adhesive or non-adhesive properties, cell interaction (e.g. immune activation/inhibition) 208 
 209 

2.4.4. Tumourigenicity 210 
The differentiation state, pluripotency or lineage commitment and culture conditions of the intended 211 
cells has important implications for identifying the potential risks (e.g. tumourigenic potential).   212 
Undifferentiated / multipotent cells have a relatively high potential risk of tumour formation, which 213 
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should be carefully addressed during product development. The amount of proliferative and/or 214 
undifferentiated cells in the final product should be limited and justified. Where multipotent cells are to 215 
be administered to the patient, the Applicant should propose a strategy to minimise the risk of 216 
tumourigenicity. 217 
 218 

2.4.5. Process validation 219 
During product development / characterisation and validation of the manufacturing process, genotypic 220 
instability, tumourigenicity and phenotypic profile of the intended cell population should be 221 
demonstrated for each intermediate. Special attention should be paid to the use of growth factors and 222 
reagents that may have different impact on different cells in the original cell population. 223 
 224 

3. Non-clinical Considerations 225 

 226 
3.1. Animal models  227 

Animal models reflecting the therapeutic indication i.e. disease models would be ideal but in practice 228 
availability of such models may be limited.  Small animal models may not be useful for surgically 229 
implanted cell products, for long-term evaluation of tissue regeneration and repair and safety follow-230 
up. In such cases, large animal models may be preferable. Large animal models may be required in 231 
situations where the size of the animal is relevant for appropriately studying the clinical effect (e.g. 232 
regeneration of tissue). 233 
Ideally, human cells should be used for proof-of-concept and safety studies. This would often 234 
necessitate use of immunocompromised animals in which, however, some aspects, such as persistence 235 
or functionality may not be optimally translated to predict in vivo behaviour of transplanted cells. 236 
Homologous animal models may often provide the most relevant system for not only proof-of-concept 237 
but also for safety testing. However, uncertainty of the equivalence between animal and human stem 238 
cells or factors involved in the differentiation process may limit the predictiveness of such a model. If 239 
homologous animal models are used the equivalence between human and animal stem cells should be 240 
shown.   241 
For the testing of the potential to form teratomas and/or tumours of a stem cell product, a genetically 242 
immunocompromised animal model, or a humanised animal model (e.g. animal model with a 243 
humanised immune system) are preferred. The use of immunosuppressant may influence tumour 244 
formation (inherent property of immunosuppressants), whereas in an immunocompetent animal model 245 
the host immune system may reject/kill the administered stem cell product thus causing a failure of 246 
engraftment of the product and leading to a (potentially) false negative outcome of the study.  247 
The duration of animal studies should be adequate to cover evaluation of long-term effects.  248 
Non-clinical evaluation for stem cell-based medicinal products may need to be more substantial than 249 
for cell based medicinal products containing differentiated cells only. In order to adequately evaluate 250 
different aspects including proof of concept, biodistribution, immune rejection and safety, more than 251 
one animal species or strains might be needed. In vitro testing may provide additional and/or 252 
alternative ways to address some specific aspects. 253 

 254 
3.2. Biodistribution and niche 255 

Biodistribution studies of stem cells are considered highly important, particularly in cases of i.v. 256 
administration of the product. Suitable methods for tracking of stem cells should be applied, e.g. 257 
introducing marker genes or labelling of cells. Many stem cell types have the propensity to home to 258 
distant locations, e.g. recruitment of bone marrow-derived MSCs to the site of injury. MSCs have also 259 
been shown to locate to metastatic sites. Differentiation and function of stem cells are dependent on 260 
and affected by the microenvironment (niche). A major risk associated is the formation of ectopic 261 
tissue due to the cells’ intrinsic capacity to differentiate along several lineages. This risk will be 262 
substantially increased after systemic application of the cells, thereby allowing the distribution to 263 
distant sites. Besides ectopic tissue formation local non-physiological or toxic effects might be 264 
mediated by distributed cells such as immune suppression by MSCs.  265 

 266 
3.3. Tumourigenicity and genomic stability 267 

Teratoma formation is a characteristic of embryonic stem cells and induced pluripotent stem cells, 268 
making them intrinsically tumourigenic. For example, undifferentiated mouse embryonic stem cells can 269 
produce malignant teratocarcinomas in the brains at the site of implantation. It has been reported in 270 
the literature that after prolonged in vitro culture human adipose-derived MSCs and murine bone 271 
marrow-derived stem cells can become tumourigenic. Culture conditions, such as feeder cells may 272 
substantially influence the genomic stability of stem cells. For example, human embryonic stem cells 273 
grown on mouse feeder cells and passaged by enzymatic means are more prone to karyotypic changes. 274 
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In contrast, when using more stringent culturing conditions, i.e. human feeder cells and passaging by 275 
mechanical means, it has been show that hESCs can retain their chromosomal integrity. Therefore it 276 
appears essential that stem cell preparations that have undergone substantial in vitro manipulation 277 
such as vigorous proliferative growth, are evaluated for both their tumourigenicity and chromosomal 278 
stability before the first clinical use. The choice of the most appropriate and sensitive model for 279 
tumourigenicity studies should take into account the characteristics, the manipulation conditions of 280 
stem cells, the route of administration as well as the intended clinical use. 281 
 282 

3.4. Differentiation in vivo 283 
The expected differentiation process and function in vivo should be studied carefully to substantiate 284 
the desired mode of action. Stem cells might not differentiate in the expected way at the intended 285 
location. This for example has been shown for MSCs intended to differentiate into the cardiac or 286 
vascular lineage, and found to induce profound calcifications in the infarcted hearts. 287 
 288 

3.5. Immune rejection and persistence 289 
While embryonic and HSCs transplantation requires careful HLA matching between donor and recipient, 290 
MSCs are generally considered as being immune privileged. Nevertheless, allogeneic MSCs are known 291 
to be immunogenic in immune competent murine models, leading to rapid clearance from the 292 
peripheral blood. It appears important, therefore, to evaluate the risk of stem cell elimination due to 293 
an induced immune response. Immune rejection might be acceptable in cases where limited 294 
persistence is intended, for example during temporary immune suppression via MSCs, but it might 295 
preclude the desired long term efficacy in other cases.  296 
 297 

4. Clinical Considerations 298 

Generally, the clinical development plan should follow corresponding EU guidance on medicinal product 299 
and specific relevant guidance for the diseases to be treated.  300 
Nonclinical evidence on the proof-of-principle and safety of the stem-cell based product in a relevant 301 
animal model is expected before administration to humans.  This is particularly important when the 302 
stem cells have been extensively manipulated ex vivo or where a systemic administration is proposed. 303 
In those cases, where sufficient proof-of-concept and safety cannot be established in the nonclinical 304 
studies, e.g. due to justified difficulties in finding an appropriate animal model, the evidence should be 305 
generated in clinical studies by including additional end points for efficacy and safety, respectively.  306 
For first in man studies the principles of the Guideline on strategies to identify and mitigate risks for 307 
first-in-human clinical trials with investigational medicinal products (EMEA/CHMP/SWP/28367/07) 308 
might be considered.  309 
For these products two specific relevant clinical issues are perceived, namely specific safety and long 310 
term efficacy concerns.  311 
 312 

4.1. Pharmacodynamics 313 
The clinical trials should ideally confirm the mode of action identified during the preclinical studies. 314 
Such mode of action may be directly dependent on the stem cell population, molecules secreted by the 315 
cells or their engraftment in the host tissue.  316 
The stem cells may be in various differentiation stages at the time of administration. The selected 317 
biomarkers should be capable of following the differentiation status of the stem cells at time of 318 
administration and during in vivo follow-up of the cell population.  319 
It should be noted that the follow-up of efficacy and safety is highly dependent on the mode of action 320 
related to either their pharmacological, immunological and/or metabolic effect (Cell therapy medicinal 321 
product) or regenerative, repair and/or replacement effect (Tissue engineered product).  322 
In cases where suitable homologous animal models or other relevant preclinical models are not 323 
available, additional clinical endpoints to address the effect of the microenvironment on the stem cell 324 
product may be needed. 325 
 326 

4.2. Pharmacokinetics 327 
It is acknowledged that it may be challenging to perform biodistribution studies in humans (fate of the 328 
stem cell transplant in the body).  However, depending on the risk profile of the product and its mode 329 
of administration and localisation for administration, these studies may be important.  There should be 330 
ways to follow the cells during the clinical studies, they should be utilised. Possible markers / tracers 331 
should be evaluated and justified.  332 
The presence of the administered stem cells in places other than the intended should be investigated. 333 
The effect of different administration procedure, doses/cell numbers should be addressed during the 334 
preclinical and confirmed during the clinical studies.  335 
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For ATMPs based on stem cells, it is important to evaluate the time to engraftment and to achieve the 336 
clinical outcome in order to correctly define the cell population required for such an in vivo effect.   337 
A particular feature of stem cell-based medicinal products is that the number of cells may increase 338 
with time due to their renewal potential. Accordingly, there has been substantial theoretical concern 339 
that a very minor contamination, perhaps even a single proliferating cell with deleterious properties, 340 
could possibly be clinically important and may need to be addressed in a non-clinical model through 341 
the use of immuno-suppressed or constitutively immuno-deficient animals and/or appropriate clinical 342 
follow-up.  343 
 344 

4.3. Dose finding studies  345 
The effective range of stem cells and/or stem-cell derived cells administered should be defined during 346 
dose finding studies, unless justified. A safe and effective treatment dose should be identified, and 347 
where possible, the minimally effective dose should be determined.  348 
Where formal dose-finding is not feasible such as for indications requiring administration of the 349 
product in vulnerable sites (e.g. CNS, myocardium), it might be appropriate to begin an initial human 350 
clinical trial with a dose that could have a therapeutic effect as long as it is justified on the basis of 351 
available nonclinical evidence for safety.  352 
 353 

4.4. Clinical efficacy  354 
In general, clinical trials to study efficacy should follow the relevant available guidance in the target 355 
indication. Clinically meaningful endpoints related to the pharmacodynamic effect of the product 356 
should be used.  357 
It is acknowledged that in the field of regenerative medicines additional appropriate structural and 358 
morphological endpoints may be necessary in order to study regeneration, repair or replacement of a 359 
tissue.  360 
If pivotal clinical studies differ significantly from studies conducted for other medicinal products in the 361 
same indication, the Applicant is advised to discuss the design and end points of the studies with the 362 
authorities in order to optimise the remaining development of the stem cell-based medicinal product in 363 
view of an application for marketing authorisation (MAA). 364 
The need for and duration of Post-Authorisation long term efficacy follow-up should be identified 365 
during the clinical studies, also taking into consideration results from non-clinical studies. 366 
 367 

4.5. Clinical safety  368 
In general the same safety requirements as for other medicinal products shall apply. For stem cell- 369 
based products the following unique risk factors are envisioned and should be addressed by the 370 
Applicant.  371 

An important safety concern is the capability of hESCs to form teratomas. Although these tumours are 372 
benign, their formation in anatomically sensitive locations, such as the CNS, joint spaces or the 373 
conduction apparatus of the myocardium, is nevertheless a serious safety concern. Likewise, the risk 374 
for ectopic engraftment in non-target tissues should be addressed. 375 

In case of observed tumour formation, it should be investigated whether this is due to the 376 
administered product or endogenous tumour formation (e.g. genetic analysis).  377 
 378 
Another safety concern is that the self-renewal characteristics of these (iPSC / hESC) cells makes it 379 
probable that some cells with sufficient plasticity persist in any stem-cell-derived product, no matter 380 
how efficient the process used to induce them to differentiate into a cell population with the desired 381 
characteristics or how effective the method used to remove undesired cells from the final product.  382 
The number of stem cells circulating in the patient can be much higher than physiological levels and 383 
this may pose a safety concern as their distribution in the body could be abnormal. The timing of the 384 
administration in case of i.v. injection should be guided by the preclinical biodistribution results and 385 
optimised in order to minimize the presence of the product in non target tissues/ organs.  386 
Caution is needed with stem cell products that have been developed solely using non-clinical 387 
homologous model and where all cellular and molecular interactions are found to be functional based 388 
on a homologous setting. In first-in-man studies, specific safety end points may need to be defined 389 
based on theoretical considerations and in order to detect early any toxicity arising from potential 390 
contaminants in the final product. 391 
The safety follow-up can be combined with a parallel efficacy follow-up. Suitable surrogate end points 392 
may need to be validated since the clinical safety and efficacy may be apparent only first after several 393 
years. 394 
 395 
 396 
 397 
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4.6. Pharmacovigilance  398 
Specific safety issues, including lack of efficacy, should be evaluated in long term follow-up. The 399 
duration of follow-up should be envisioned according to the intended therapeutic effect and should also 400 
contain a specific surveillance plan for the assessment of long-term safety and unique risks associated 401 
with the administration of stem cells. For tissue engineered products for which long term efficacy is 402 
claimed a prolonged post-marketing follow-up might be required. 403 
The Guideline on the safety and efficacy follow-up – risk management of advanced therapy medicinal 404 
products (EMEA/149995/2008) should be considered.  405 
 406 
 407 
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ANNEX 1. Glossary 426 
 427 
Adult stem cell—See somatic stem cell. 428 
Blastocyst—A preimplantation embryo of about 150 cells produced by cell division following 429 
fertilisation. The blastocyst is a sphere made up of an outer layer of cells (the trophoblast), 430 
a fluid-filled cavity (the blastocoel), and a cluster of cells on the interior (the inner cell 431 
mass). 432 
Cord blood stem cells—See Umbilical cord blood stem cells. 433 
Ectoderm—The outermost germ layer of cells derived from the inner cell mass of the 434 
blastocyst; gives rise to the nervous system, sensory organs, skin, and related structures. 435 
Embryonic stem cells—Primitive (undifferentiated) cells derived from a 5-day 436 
preimplantation embryo that are capable of dividing without differentiating for a prolonged 437 
period in culture, and are known to develop into cells and tissues of the three primary germ 438 
layers. 439 
Embryonic stem cell line—Embryonic stem cells, which have been cultured under in vitro 440 
conditions that allow proliferation without differentiation for months to years. 441 
Endoderm—The innermost layer of the cells derived from the inner cell mass of the 442 
blastocyst; it gives rise to lungs, other respiratory structures, and digestive organs, or 443 
generally "the gut" 444 
Epigenetic changes —Changes in gene expression caused by mechanisms other than 445 
changes in the DNA nucleotide sequence,  446 
Feeder layer— Feeder cells produce proteins and other substances needed to support 447 
growth of stem cells. 448 
Germ layers—After the blastocyst stage of embryonic development, the inner cell mass of 449 
the blastocyst goes through gastrulation, a period when the inner cell mass becomes 450 
organized into three distinct cell layers, called germ layers. The three layers are the 451 
ectoderm, the mesoderm, and the endoderm. 452 
Haematopoietic stem cell—A stem cell that gives rise to all red and white blood cells and 453 
platelets. 454 
Induced pluripotent stem cell (iPS)—A type of pluripotent stem cell artificially derived 455 
from an adult somatic cell. 456 
Inner cell mass (ICM)—The cluster of cells inside the blastocyst. These cells give rise to 457 
the embryo and ultimately the fetus.  458 
Mesenchymal stromal/stem cells—Multipotent non-haematopoietic stem cells found in a 459 
variety of tissues such as bone marrow stroma, umbilical cord blood and adipose tissue, 460 
capable of producing cell types of eg. osteogenic, chondrogenic and adipogenic lineages,  461 
Mesoderm—Middle layer of a group of cells derived from the inner cell mass of the 462 
blastocyst; it gives rise to bone, muscle, connective tissue, kidneys, and related structures. 463 
Microenvironment (niche)—The molecules and compounds such as nutrients and growth 464 
factors in the fluid surrounding a cell in an organism which play an important role in 465 
determining the characteristics of the cell. 466 
Multipotent—Having the ability to develop into more than one cell type of the body. See 467 
also pluripotent and totipotent. 468 
Neural stem cell—A stem cell found in adult neural tissue that can give rise to neurons and 469 
glial (supporting) cells. Examples of glial cells include astrocytes and oligodendrocytes. 470 
Pluripotent—Having the ability to give rise to all of the various cell types of the body.  471 
Progenitor cells—Undifferentiated cells that have a capacity to differentiate into a specific 472 
type of cell. In contrast to stem cells. The most important difference between stem cells and 473 
progenitor cells is that stem cells can replicate indefinitely, whereas progenitor cells can only 474 
divide a limited number of times.  475 
Self-renewal—The ability of stem cells to replicate themselves in an undifferentiated form  476 
Somatic (adult) stem cells—undifferentiated cells found in many organs and 477 
differentiated tissues with a limited capacity for both self renewal and differentiation. Such 478 
cells vary in their differentiation capacity, but it is usually limited to cell types in the organ 479 
of origin. (See also progenitor cell). 480 
Teratoma—A benign tumour consisting of cell types derived from all three embryonic germ 481 
layers  482 
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Totipotent—Having the ability to give rise to all the cell types of the body plus all of the cell 483 
types that make up the extraembryonic tissues such as the placenta. (See also Pluripotent 484 
and Multipotent). 485 
Trophectoderm—The outer layer of the preimplantation embryo in mice.  486 
Umbilical cord blood stem cells—Stem cells collected from the umbilical cord at birth that 487 
can produce all of the blood cells in the body (haematopoietic).  488 
 489 

 490 


